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Introducticon

Ome of the basic assumbtions of classical test theory is that each sthject
has bed zmple time to attempt every itexm in 2 test, Under this assumptica
en oxitted item represeats 2 trze lzck of Imowledge zrd carmot be attributed '
to 2 failure to reach the item. It i% obvicus that voder 2 restrictive time lin;;t,
defired 2s a periocd of T« cuch that every testee does mot have suffifiemt tipe
to attemot every test item, this assumptica camot be met, Sevaral perscas .
(Gallikeen, 1951; Crozbach & Werrington, 1951; Belmstadrer & Ortmeyer, 1953) have

_ devised formunlze that allow estimates to be made of the Mspeededness® of a test.

_@ith the evceptica of cme formula preposed by Crombach & Karpimgten, 21l of

7

these formilze are based cm a_single aéministreticn of cme TEE ZIRIeeTive the
coxparisen of a measure of the varizmce of omitted itews tc,:;{{her the total test -
VEvtImee orthe soratTerverl {usually defin g r* ~gr of omitred amd
ipcorrectly zmswered items) wariance. Although the various approactes to the
calculation of the value may vary somewbat, the basi “raticnal underlying the
forrulae zppears to be the szxe, Expirical su';?oyzor tte fact that they pro-
vide similer results is reported by Eelmstadter & Ortmeyer in their previonsly

cited article. 7Tzu, 2a index proposed by Crcrbach & Xarringteon, requires that
parallel form of the test be zézinistered ;ﬁer tized end untimed comditicas.
The correlaticons between the four obtaine@ scores are then used to determine the .

proporticn of the chserved test variapce that fem be attributed to Mspeed,"

- rd

o . L] . . - \.;" . ] e e . . o

/insert. formula 1 2bout here

Although the theoretiqa{ 14mits of this index would approach megative and positive
infinity (assuming that the correlation between the parallel forms given under
the szme condition were zero), the practical iimits are 1ikely to be between -3.00
(in those cases yhere both 5y and Ty, are both 1.00 and ry4 and rp3 are both 0.50)
and zero (when 411 four correzations Zre the szme walue), This zbility to have
negative values is a desirable charac stic that is not possessed by amy of the
other propesed indices. All of &Mae provide estimates of the pro-
portion of test variemce that may be attribuPeble to "speed” that have a lower |
1imit of zerp; and, although this is never specifically stated, assuxe that the
sole ,effect of a restrictive time limit is to increase the total test variance:
and-henge, by definition, the estimated relizbility of the test. While this is
ce;taiﬁly a likely outcoze it does not autozatically follow that it will always

he? )

The actual effect of a restrictive tire 1imit on the test statistics will

I vary, depending upon the statistic being considered, the degree of speededness, -

and the characteristics of the group taking the test. Yumally (1967, p.566)

‘ /4 provides 2 good su=mary of these effects.
, Vi

/
s /¥

"The potential effects of restrictive tize 1linits on the =ean '
score are obvious, If there are anmy effects at all, the expec-
tation is that the Tean will increase with ircreasing fractidms of
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the comforteble-time, with little imcrezce being expected zbove

100 perceat of the comfortzble-time. Ttere is, however, T .
strict relzticaéhip between thh meen 2ud relizbilicy or validiry.

A4 meam rear the ceater of the uszble score renge temds to favor

high relizbiliry, but the relericnchip holde in only 2 loose sta-
tistical wz=3."

And ¥orricon points out the problems associated with indices that are baced cm
2 sipgle zéministration gf onez forwm, =

“The major difficulty fzced by all single-tri2l indices is

that zoy score which might te used (right, ¥ » CUEber

2ttemted, momber right divided by the mumber attempted) is

psychologically coxplex, in that it may reflect toth speed zmd

ability influences under time-limit zdministraticn. We simply

canmmot tell Irom rime-limit deta alcge what the effects of the

time-1imit will be.” -
7able 1 illustrates what may occur to certzin test statistics wheam a Te-
strictive tame limit is eroloyed. 7To, censtruct the table two testee character-
istics were considersd., The first of these was 2bility, defined as the propor-
tion of correct Tésponses that a persén could corretily znbwer under umtimed
conditions. Two 2biliry levels, 0.9 #nd 0.4, were used. The second character-
istic was the speed 2t vhich a testee could work and this was defiped as the
proporticn of questioms that he could amswer in the allowed tind¥ There were
2ilso two levels, 0.9 and 0.4, of this characteristic, Twenty-three different
distriburions of testees were considered to have taken a 160 item test. The
table gives these distributicns and the expected values of three test statistics
under both timed and untimed administratioms. It should be noted that the untimed
adnministrations, give results that may be considered as representing the “trug”
state of affairs. - /

Insert Tabl{e},ébout Eere L
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obtained under pure power conditions; and, as the correlation of . 683 between
the peans obtained underwtized and untimed conditions shows, relationship
is not such as would allow much confidence to be placed on the #alues obtained
under timed conditions. Much the same is true, albeit'to a fFr greater extemt,
with the estimates of total test variance. 7The relatiomship/between the two
sets of variances is only 0.189 and, the timed values may be/either more or less
than the untizmed values. It is this fact that makes C ch's propoced index,
tau, so attractive. For it is the only index that allowg’ for the possibility
that the total test variance may be reduced when the tegt is given with less

than a cotfortable tice limit.




Puroose of 2 Test

Zefore discussing the assumpticns that underly thke use of the ER20, axd

the modification ¢f the fcrmlea

that might make it possible tc minimize e com-

sequences of tke violatica of the assumpriocns, it might be usefol to briefiy

review the purposes that 2 test
oh this point it is the writers
to estitete the restees pretzent
poses vy it is desired to mzke
involve soxe type of comparicon,

is to serve. Altbough there mzy be disegreement
beliel that a test score serves but cme purpose:
rosition on @ bebavioral contimerm, The pur-
¢his predicticn may vary, but will wveu2lly

There will always require the corparison of

en entities precent position with either the previcus position of the seme,or

tbe previous position of znother, emtity.

in ertiry way be either an indivis

or 2 group;

in the latter case the mezn value of the gromp would be nsed.

-

The purpose of the relizsdility coefficient is thus quite clear. It allows
the persca mzking the comparison{s) to make 2 judgement a2¢ to how well the
positions on the contizuur have been determined: a judgement of particular im-
portance whenever it becomes necessary to Iaterpret the findings of a2 study
vhose goals were to determime vhether there were differences between two or
wore estimates of positicn. & state of affairs such zs would exist under the
first conditicn given in Table 1, znd presented in Table 2, would be highly
undesirable: since, under these conditioas, only 25 perceat of the subjects
would have their actual true score inmcluded within the 95 percemt coniidenmce
limits about their estimated true score. One dzn only wonder how mauy negative
£indings, or failure to replicate previous results, may have been caused by
conditions similar to this.

-

Insert Table 3 About Eere
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The Assumption Underlying the Interpretation of the XR20 Reliability Coefficient

The KR20 reliability coefficient can be calculated by any ©f several different
formulae: two of which are given below,

[} [} [ [} » [} [} [ [} [} [ . * [} [}

X
. . {
. Insert Formulae 2 & 3 About Here'!

. Simply stated, and without going into a detailed psychozetric explanation,
the KR20 reliability coefficient can be considered as the correlation between a
persons observed test score and his "true" score on the domain that the test pur- ]
ports to measure., Forzula 2 expresses this in terms of the inter-correlatioms -
of the k items that make up the test; while formula 3, which is mathematically f
equivalent to 2, uses the total test variance znd the sum of the item variances.

ERIC : , .

Aruitoxt provided by Eic:




Since the formlze are based cm population parzmeters the 2ssumption that must

be met whenever semple estimates are used is that these szmple statistids mmist

be tmbissed estimates of their correspending populaticn paremeters. It wounld
appear that, in the case of the 220, two conditions must be satisfied if the~
assurption is to be met. The first of these is relatively easy to satisfy and
requires only that the subjects be a randon sztple from the populaticn of

interest. The second conditicon will be satisfied whenmever each persom in the

szmple has been given sufficient time to 2llov him to amswer every item to which

‘he knows the -answer. 7o the extent that this is not s0 the szrple statistics .
will be biased estimates of their associated parzmeters, with the precise mature

of the bias being cowpletely umkmown. In cases steh 25 this cot cnly would fEe  ~
calculated walue of the ¥220 be wminterpretable, but the test scores of &hose
subjects vho bad insufficient time to complete the test would be unknown, Table

4, vhich will also be used to illustrate a wodification of the traditional XR20
formula that would 2djust for the effects df a restrictive time limic, demom-
strates the indeterminacy of certain of the required test stafistits under 2
speeded test 2éministratiom, - , —~

L]
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Insert Table 4 About Here
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iﬁecee of information required for the
calculation of the necessary statis " the k columm sums that will provide
estimates of the item variances, thé n row suzs that allow the estimated
test variance to be calculated. Ir&‘(ih%-éza:ple 17 of the 30 pieces of infor-
pation (four of the row totals andéﬁﬁf:een of the coluzn-totals) are indeter- .
' minate, The usual practice is to “an omftted item as wrong: assuming that
the omission was caused by a lack £z wledge as to the correct amswer and not
by a possible failure to teach thEsi#@. The lien difficulty is thms defined
) as the nrmber of correct respans@;@ded by the muzber of subjects. This
is equivalent to assuming that the dfked with vhich a person can amswer test
questions is perfectly correlated with his knowledge of the material to which
the .test questions pertaim. This'2ssu=ption is, in q\zo's,:ay, supported by a
- rather extensive body of researci&%s%th, 1971). u,

Thére are, in all cases, n plusy

. 1t would, however, be possible_gﬁa estimate the item variances by using only
) the available information. The estisated item difficulty would them be the
mmber of correct responses dividedsE the mu=ber of persons who reached the
Stem. This would certainly be a s0o6d practice in that the obtained values would
be based only on available informatifm and are unbiased estimates (although some
of then, being based on rather sakI¥isanples, might have quite wide confidence
1imits) of the population values. ; szme procedure cammot, unfortunately,
often be used to obtain estimates OF the raw sums: the persons total test score.

A

This is caused by the widespread prictice acong American test comstructors of
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arranging the items within a test- in order of increasing difficulty (f.e., the
easiest item is placed first, followed by the mext easiest, and so on to the
post difficult item). There is thus a confounding of item difficulty with
item placement, zud the estimationm procedures used with the item variznces would
require an assumotion that is, Py the definition of the procedure vsed to
determine item placement, impossible: the probability of correctly amswering
an item is independent of item placerent.

There are twp zpprozches that may be used to solve the problem. The first
of thece makes use of the itex inter-correlations formula znd uses omly the avail-
able data to estimate rhe correlaiicms. Ziny correlation program that will
bendfe nissing values could be used to carry out the mecessary calculaticms.

o timated reliabilicy of the test could then easily be calculated. The
{ghted sux of the itex mezns would Sserve as the bes:t estimate ¢f the mean
e of the populaticn froz which the szmple was drawn. This approach appears
£p be quite useful for those cases where it is desired ro estimate the position
Pf a group on the behavioral contimmm of interest. It would not, however, be
Jfof amy value for those imstznces where it wf,s desired to mzke statements zbout

: the position of indivigduals. . >

The second approach would require unbiased estimates of the probability
that a person would have correctly zmswered unreached items had he been given
the opportunity to do so. This is, in essence, a sampling problem; and either
of two methods may be used to obtain the required estimates. Both methods require
that the traditional &merican procedure of arranging items in order of increasing
difficulty (i.e., the easiest item first, followed by the next easiest item, and
50 on) could no lénger be used. TIn the opinion of the azuthor this would cause
no great harm, since there does mot appear to be any meaningful reason for this
type of item arrangement. Tne first of these methods,vhich is the simplest,
requires that the items be randomly assigned to their position within the test.
This would allow an estimate to be made of a subjects test score by using formula
4: which defines that score as the number of correct responses, divided by the

00000 0000000000000 0000000000000 00000080000

Insert Formula &4 About Herq . -
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nuzber of itexs attmptéd, and multiplied by the number of items in the test.
This method of estimation is hereafter referred to as condition 2 and its use is
fllustrated in Tzble 3.

G4 658 0 0000000000000 000000000000s000p000000000

Insert Table 3 About Here . C .

2 0 000000000000 000000000000000000s00000008000

The other approach to item placement, hereafter called condition 3, is
. somewhat core complex in that it employs stratified, rather than simple, random

~A

-




Vad

iten plecewent, The protedure is commonly used in EZnglend znd appears to have
been first proposed by Ellis in 1928. The zdventages. associated with its use
are the szme 25 vhen any stratified randon szmple is used: greater precision of
the result estimates. Under this procedure the items are first categorized
into n levels of difficulty. One itex from each difficulty level is then
randonly sele@ted and these m test. itewms, arranged in ascendizmg order of diffi-
culty, are the first m items in the test. The procedure 4s repeated, in turm,
until 211 items hzve b plzced in the test. The test will thus consist of a
series of cycles each ;nfaich contains m test items. Each cjele is therefore
& representative sawplé of the entire renge of tasks within the domain Being
neasured by the test. To illustrate hov this would work consider 'z 100 iten
test tn vhich ezch itex has beex assigned to ome of five lewels of difficulty:
0.99-0.81, 0.80-0.61, 0.60-0.41, 0.40-0.21, and 0.20-0.01. There would thus be,
.in this case, twenty complete cycles znd it would be 2 relatively simple matter
to estimate 2 subjects performante cn any vnreached itexs. The percon by items
response matrix that is presented in Table 3 consists of four cycles of five 'items.

—————rd

Using this method a subjects test score czn be viewed 2s consisting of =
geparate parts: where m is the muxzber of item difficulty levels (strata) used
in the test. His score, in those cases where all items were not reached, is
thus the sum of the = adjusted level scores. Each of these level scored~(formula
5), is calculated by dividing the nu=ber of correct responses to the items within
2 level by the nuzber of items within that cycle that were reached, and multi-
plying the result by the total number of items within that cycle. Two poiits
should be mentioned at this time. First, it is not necessary that each strata
contain the szme nucber of items, although the co=putations required becoxe
easier if this is the case; and, second, both of the methods described zbove

provide results that are identical with those obtained from the traditicnal :

method of computing test scores, whenever atl subjects have been given sufficient
time to attempt each test item. It follows that the various tést statistics will
also be the szme under such conditions and the traditional formula for calculating
the KR20 czn thus be viewed as a special case for a more general formmla that
estimates the responses to unreached items by using the available informatiom
of that subject. . _.:Z
&s the exermple that is presented in Table 3 illdstrates, the results obtainedv
by the two modified formulaze are in very close agreement: and both differ con-
siderably from those obtained when the omitted responses are treated as wrong
answers. In the example the modified formulae give increased values for the
' total test variance, the sunm of the item variances, and the reliability of the
test. The standard error of measurement is thus, for the modified formlae,
gzaller. The correlations between the three sets of scores, which are also given
in Table 3, are quite interesting.

In order to determine what might happen to the various test statistics in
other circumstances an analysis of forty tests that had been subgpitted to the .
Office of Examination Services was carried out. The various test statistics
were cozputed for each test by two different methods: treating omits as incorrect
responses (condition 1) and treating omits as unreached items umder the assuzmption

S -
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of rendon item placexent (condition 2). The results of this analysis Sre
giver in Table 4 and support the earlier stategent that it is izpossible to
say, in advance and for amy given test, what ¥ill happen to the test statistics. .

' - Insert Table 4 About Here

’

Predictive Validity of thesModified Estinmates ; LT

One final .znalysis was carried out'to determine if there were any <
differences in th tlity of two test scores, one obtained from the traditiona
tethod and one obtained from the modified method (stratified item placement), to
predict various criteria. The subjects were the 82 first rerm freshman enrolled
{n~ & required course in introductory psychology at a large mid-western state
unfversIty. Each subject was administered the Verbal and Quantitative sub-tests
of the College Quilification Test. This is a commercial test published by The
Psychological Corporation. The Verbal sub-test consists of 75, four choice,
verbal znaldgies while the Quantitative sub-test consists of 50, four choice,
tmathematical questions. Although the tests are stated to be untimed there’'is
& reco—mended time limit and this was used. Both of the\tesps had, on the basis

£ 4tem difficulty data previously supplied by the publisher, been modified Into
edondition 3 (stratified item placement). Each cycle contained five test items.
Bach subject thus had six dlfferent scores: ‘the CQI-V and £QT-Q computed using-
the traditional (comdition 1) ¥ormula; the CQT-V and CQT-Q computed using the
gtratified (condition 3) formula; and two estimates of subject speed. These ,
lest two scores were calculated by dividing the number of iteps that had been
teachéd by the number of items in the test: and the possible valued range from
0.00 to 1.00. These were used as crude estimates of the rate at which a subject
could perform the tasks sampled by the test items and may be comsidered, in a _
loose sense, as the speed with which a person can handle ‘new informationm. These
six scores, along with the sex of each subject, were .then used.as predictor '
variables for three different academic criteria; first term grade point average
in non-mathematics/science courses (GPAl), first term grade point average in
mathematical/science course (GPAZ), and first term grade point average in all
courses (GPAT). The results of.this series ‘of analyses are given in Table 3.

: ' | ’ A . 9
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Ingsert Table 5 About ‘Here
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Sex was not -a significant predictor for either of the three criteria. &s
would be expected, the verbal test score were the best single predictors of
QPAl and the quantitative tests scores were the best single ptedictors of GPAZ.
The multiple correlations were, in all cases, larger when the modified scores
were used as predictors, It was quite interesting to notethat both of the
speed indices were significant preédictors of GPA2. This could be imterpreted as
meaning that, for the type of material covered in these courses, tife rate of

s




. - response (taken as an indication of the rate of learming acquisition) is an
* {mportant factor. The two sets of test statistics are gquite similar. This is
¢« to be expected if, as is the case with the CQT, the time allowed is close to
_being Bufficient for all subjects to attempt all items. This analysis gives
tentative support to the contention that more accuratel, and therefore more -
useful, information is provided by the modified formulae. _ j

(3
-

. Recommendations

Based upon the series of analyaes herein reported it would appear that at
least six recommendations are in order.

»

. 1) All commercial test publishers should routinely provide information as
R to the degree of speededness associated with their tests. In the case of multi-
level tests (i.e., those tests that are used for several different age groups),
especially those for use in the earlier grades, the information should be pro-
vided for each level at which the test may be used. Should there be reason to
believe that sub-divisions of the population differ in their response rates
* then this information should also be provided for the sub-divisions.

2) Research as to which of the various indices is most accurate should
be carried out. 1In the interim any of the single administration indices refer-
enced in this paper could be used to provide the needed information.

3) Pirms providing test analysis and reporting services should routinely
calculate,. and provide as part of their services, the speed index of each group
administration of a test. This is a trivial problem of computer programming
and requires a sub-routine of less than twenty statements.
4) Careful consideration should be given as to whether the present procedure
" wséd to determine item location within a test should be changed. There is very
1ittle practical or theoretical reason to retain the present procedure; although
there are several bemefits that would follow the adoption of either a simple
random, or a cyclical, arrangement of .items. " .

3) Should the above be adopted the firms menticned in 3) should also
provide, if requested, test statistics, including the individual test scores
based on the appropriate modified formula. Although the programming required to
provide this service is less trivial than was the case with the speed index, it

3 ig8 still a very simple matter. — '

6) A program of research aimed at discovering whether the rate of response
is indeed a separate measurable dimension should be initiated. Should this prove
to be the case, and should response rate be related to the rate of intellectual
development, and the existing research in this area indicates that this may well
be the case, the implications for education are self evident.

° 7
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Several -indices that;have been proposed as estimates of the degree of
speededness of a test were-discussed. With one exception, Cronbachs tau, all
of these appear to be based on an unsupportable rational: that the effects of

) a restrictive time limit will be to, in all cases, increase the total test
|

i

|

-

|

|

]

. variance. The effects of the speeded administration.of a test were shown to
result in test results that are basically uninterprefable: with the problem
being caused by the bias ‘that is introduced into the(yarious test statistics
as a result of the insufficient time limit. It was ther demonstrated that
the traditional KR20 formula is a special case, requiring the assumption that
all subjects have been allowed sufficient time to attempt all of the test items, -
of a more gemeral formuia that does not require this restrictive assumption.

¢ An empirical study indicates thdt the scores provided by the modified
formula were slightly better predictors of first term grade point average than
were those scores provided by the traditional formula.

. Six recommendations, especially applicable to firms publishing tests or
providing test-analysis services, Were given.
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‘ ’ Teble 1 -
Expected Values of Test Statistics
v Tpder Timed znd Tnrimed Conditicns for
Grozps of Differing Characteristics

@ . = . \

T .

. Proportica of Sample . .
bx=9 beih Timed Zdministration '  CUntimed sdéministraticn
$=,9 S=,§ 8=,9 ==, ¥ezn Yariznce ¥R21 _ ¥ean variznce E®21 Ko
.0.25 0.25 0.25 .25 42.25 567.19  .967 65.00 625.00 .973 . 1
6.50 0.00 0.50 $9.00 58.50 565.25 .962 65,00 625.00 .973 2
0.00 0.0 0.60 0.50 26.00 100.00 .816 . 65.00 625.00 .973 3
0.50 0.30 0.09° 6.00 £8.50 506.75  .962 30.00 0.00 - I 4
0.00 6.9 0.50 0.0) 26.60 © '100.00 .816 40.00 0.00 1 5
.8.50 0.00 0.0 0.50 £8.30 TG56.25  .985 65.00 $25.00  .973 6
0.60 0.30 0.30 0.03 26,00 0.00 I 65.00 625.00  .973 7
1.00 0.00 0.00 0.00 81.00 0.09 1 86.00 0.00 I 8
0.60 0.00 1.60 0.00 36.00 0.60 1 - 40.00 0.00 1 9 )
0.00 1.00 0.03 0.00 26.00 0.0 I 90.00 0.00 1 10
0.00 -0.60 0.00 1.00 16.00 0.00 1 40.00 0.00 s § |
0.76  0.60 0.30 0.00 67.50  425.25 .958 -  75.00 523.00 .974 12
.0.30 0.00 6.70 0.00 49,50  425.25 « .95% 55.00 525.00 .962 13 ]
0.70 o.3g 0.00 0.00 67¢50  425.25 " .958 96.00 " 0.00 1 14
0.30 0.7 0.00 0.00 49.50  425.25 =951 90.00 0.00 1 15
0.060 0.00 0.70 0.30 30.69 84.00 .758 40.00 - 0.00 1 16
0.00 0,060 0.20 0.70 22.00 85.00 .812 4£0.00 0.00 1 17 .-
0.00 0.30 .00, 0.70 22.00 24.00 .812 55.00 525.00 .962 18.
0.00 90.70 ©0.00 0.30 ' 30.00 84.00 .758 75.00 525.00 .974 19
0.70 *0.00 ©0.00 0.30 .61.50  851.41 982 75.00 525.00 .974 20
0.30 0.60 0.00 0.70 35.50, _ 887.25 .98 55.00  525.00 .962 21
0.00 0.30 0.70 0.60 36.00 * 0.00 1 © 55.00 525.00 .962 . 22 -
0.00 ~0.70 0.30 0.00 36.00 0.00 I 75.60 52500 .976 23
4 . !
Tmt,mu = 0.6825 Tvt,vu = 0.1890
M Table 2 ) 7

) True.Scores, Estimated Trué Scares and Confidence Limits :{or Szmple Mumber 1

Sub-Sample Observed ° Estimated - 95 Perciént True
by Characteristics -  Score True Score Confidence Limits ®wi . Score )
£=.9, E£=.9 81 79.72 71.24 - 88.20 90
A=, 9, S= 4 36 36.21 27.73 - 445.69 ﬁO
A-Oé’ ‘S=.9 36 ‘36.21 27.73 - 44'69 40
- Agoz" 5304 16 16087 . 8.39 - 25'35 ° 40
. 13 N
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Tzble &

. Comparison of Test Statistics Obtaimed From the tnalysis of Forty Tests
Using the Traditiomal £¥20 Formula zmd the Simple 2zoiom Item Placement Modificr:

Y

- Sum of tke z2290 Tmber of

Test Varizrce Itex Varizuce Beliabilicy Occurerces
Increase Increase Increase 3
¢ increase Increzse Decrease S
Increase Decreacse Increase 6
Increase Decreacse Decreacse 0
. Decrease Increace Increase 0
Decreace . Increase Decrezsse i5
Decrezse Decrease Increase 6
Decrease / Decreace Decrezce 5

Kote: The changes given a2re those of the modified formmla,
referenced to the trzditionzl formula :
- a _
hd &""
g - -~
. .
]
t . | |
L .
T . -
j - 15

Q ’3 .
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Table 3 . .

. Illuatrative Person by Items Repponse Matrix . :
With Ytem and Test Statiatlcs and Individual Tast Scores - _ )
Computed Using Each of the Three Methods . ) '

« Individual Individual
v Ttens . Rasponses . Tast Scoves \
. 1 2 3 4% 6 7 8 UNOIU R 13141516 17°18 19 20 R W Q0 &- cl  C2 c3 '
, a 1 11 0 1 1 « 1 11 . 1~ 0.1 o o o b 4 1 12 15,0 15.0
. b 1 0 01 11 01 1 0 01 1 1 00 9 0 2 11 11.0 11.0
» ¢ 1101101011110 0 o .o 5 5 15 10 13.3 13.3
4 01 1T 1 11T 1 101 1 o o o o o 2 9 1 9 16.4 16.7 .
Peraons ¢ 1 011 0 01 1 0 01 .o o 0 0 0 0 14 ;0 20 6 6.0 6.0
f ¢t1101 11111 1'1.21 111 1 2 0 20 . 18 18.0 18.0 )
| g 01101~ 001 - -« 0001100 ¢ 12 2 18 6 6.7 7.0
h 1011 0 01 01 0 0 1 0 01101 Q o 1 19 9 2.5 9.3
£ 11 1-7T 11 1 0 6 0 o0 0000 00 0 o0 0 3 7 7 20.0 20.0 °
J 10011101 011010TYTI11001 1 13 7 20 13 |13.0 13.0 mm
R 8 6 7 7 8 6 6 6 6 5 5 4 4 3 6 5 3 2 2.2 . - _
Item W 2 4 3 3 2 4 4 4 3 3 4 4 4 4 5 2 3 4 3 2
Juatiatice 0 O 00 00 00 1 1 1 1 2 2 2 2 3 4 4 5 6 . :
(decimals A 10101010101010 9 9 9 9 8 8 8 8 7 6 6 5 & .
omitted in Pl 80 60 70 70 80 60 60 60 60 50 50 40 4Q 30 60 50 30 2Ge20 20
last four VL 16 24 21 21 16 24 24 24 24 2% 2% 24 24 21 24 25 21 16 16 16
rows) P2 80 60 70 70 80 60 60 67 67 56 56 50 30 38 75 71 50 33 40 50
V2 16 26 21 21 16 24 24 22 22 2% 25 25 25 24 19 21 29 22 24 Muxc -
, . - T o . !
Keyt ) 1: a correctly answered {tem . . /, .
| 0: » an incorrectly anavwered item Co
| ~ -t an omitted {tem that waa assumed to be incorrect
) Ot an omited {ftem that was assumed to not have bheen reached
' A1 the nunber of attempted {tewms (Individual) or the number of porsons attempting an i{tem '
. Cly the test scorenf an {ndividual under traditional scoring rules (condition 1) '
. C2: the teust score of an {ndividual under the firat modified ascoring rule (condition 2):
"¢ the teat ascore of an Individual under the second modified scorinf rule (condition 3) .
. 0t * the number of omittad items (individual) or the numbar of times that an item wans omitted’ . )
Pl;  the proportion of persona correctly angwering an {tem under traditional acoreing:rules . '
P2:  the proportion of persons correctly anawering an {tem under the modified scoring rules :
Rt the number of items correctly anawered (individual) or the number of corvect responaes to an item Loy
. V1: the variance of an item under the traditional acoring rules ¢ OB
V2: the variance of an item under the modified sgoring rules o=
Wi the numbex of incorrectly anawered items (4ndividual) or the mumber on times an item was »:oonnaonw< o

.

anawvered

-




Tzble § : ' ii
?
i

Pecults of tke Predictive Study - ,
Inciuding Varizble ¥ezps znd Stznderd Deviaticon .
7% Test Statistics .

CQTvy co1Q ¥OQI7T . ¥CQIQ G241 GP4&2 GPAT

¥ean 35.220 22.349 48.901 25.353 2.620 2.589. 2.697
Sted Dev 13.058 7.268 13.519 7.835 0.659 0.72% 0.620"
Suz item var 17.791 11.23% 16.281 11,697 ’
¢ ER-20 0.508 0.835 0.923 0.826 ) ’
SE Yezs 3.966 3.197 3.760 3.265 o

Tarizble Inter-correlaticns

Yerbal Math Total °~ Yerbal Math

GP4 GPL GPL coTv L ARSENY Speed CoTo wCoTg Speed ,
Verbtal G2 1.00 0.63 0.65 4 0.59 0.57 0.45 0.29 0.33 08.27 -
¥ath P2 0.63 1.69 0.69 '} Q.40 0.31 0.30 0,52 0.61 0.30 .

" Total GPA 0.65 0.69 1.00 0.58 0.57 ~4733 0.28 0.33 0.27 |

oQIv 0.59 0.40 0.58 1.60 0.85 0.50 0.34 .31 0.26
¥eqv 0.57. 0.31 0.57 . 90.85 1.99 0.56 0.19 0.23 0.21
Yerd Speed 0.45 0.320 0.33 __8.50 0.56 1.00 0.17 0.21 0.20
Q1Q 0.2¢9 0.52 0.28 0,34, 0.19 0.%7 1.00 0.92 0.70
HOQTQ~ . 0,33 A 0.61 0.33 0.31 0,23 0.21 0.92 1.60 0.71
¥ath Speed 0.22 0.30 6.27 0.26 0.21 0,20 0.70 0.11

™~

Regression Coefficients

\\

Criterion
Treditional (Cond 1) Scores ¥odified (Cond 3) Scores
Verbal MWath Total Verbal ¥ath *Total
Predictor GPA GP4 G2A , GPA GP4 GPA
Intercept 1.56% 1.184 1.645 0.935 1.063 1,050
(0.059)  (0.066)  (0.05%) (6.059)  (0.060)  (0.03%)
Tocqv 0.030 0.014 0.027 ’ 1
: (0.005)  (0.006)  (0.00%) ]
¥CQTV 0.025 - 0.024
) . . "¢0.005) - (0.00%)
Verd Speed T 0.513 -
' - (0.221) -

$

CQIQ - 0.040 -
. - (0.00%) * - ’ -
¥LCQTQ 0.018 0.073 0.016 . ,
. (0.008) (0.011)  (0.007) ]
. Hath Speed . - ‘-0.900 - »
(4.373) . ]

R ) 0.589 0.573 0.579 0.603 0.671 0.603
35 0.246 0.328 0.335 0.364 0.450 0.364 -

]
Kote: Standard errors are in parentheses bemeath the associated coefficien?

17
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"T . 28 ﬁ
4D Tew = 1 - 12734

Ty T .
16723 y .

Vhere: 'Ieu/ is the pmporticn of the total test variance
that can be attributed to speed
b is the correlaticn between Form & given umder

timed conditions and Form 3 given pnder
watimed conditicas
’ /’ Tay is theé correlatiocn between Form & given under
wntimed conditions’ znd Form B given:uzder
/ tizmed comditions . 3
;T i5 the correlaticn between Forms & & 3 vhefl - ;
/ both are given under timed conditicns
) T3 is the correlaticn between Forms 4 & 3 wrten
// both are giwen under tatimed conditicas
() 20 = F’-rjk - K ] and §=1,K; k=1,%
Z-1l T~ jk
Woere: X is the dumber of items in the tegg th
Tiy is the correlztion between the j** and the k ]
test items: with the values calculated umnder :
the assumption that all omitted "items are
. incorrect responses -
hTd ’
; x | v T ]
3 Xp20 =
= [ 6 nd WX
. ) Where: K is the nuzber of persons who took the test . ;
’ X is the nu:nber of items in the test
p:4 is the total test score of a persom om the
test. This is the nmumber of -test items that
were correctly answered amd 211 omitted items
. are counted as incorrect respon’s“es
' (X) the variance of the N total test scores
- V(k) - the variance of the kP test item -
- . )
@ xez, = KEGx o and k~1,K
Zhny -
Where: XC2, is the score of the n th .pexson’ who took the ]
test adjusted under the assuzption of simple
: . randon iten placement
. . is the nucber of persons who took the test
co - n - is the nt® person who took the test
is the mz:ber of items in the test
is the k'@ ites in the test T

by the o~ person
is the nu-ber of ite=s reached (atte::pt;ed)

K
x
Cox is’ the mg*sner of ite=3 correttly answered’
&nx o=
by the nt? person




xc3, =

5

A

¥here: ZC3,

é? g? d = < )

-

-
.5

Formnlae (Cozcl'd).

and m=1,¥; o=l K; i=1,I

is the score :_, the n - vho tock the

test 2djusted uhder the 2ssvmpticon of
stratified randox {tex placetent .
is the nupgber of persons who tock the test

is the n*o

perscn who took the test

is the number pf item difficuley levels
(strata) in the test

is the nt®

itém difficulty level of the Gest

15 the number of test itews in the nt® item
difficulty level

15 the mumber of jtems in the n'P difficulty
level that the n'? person correctly answered
is the mumber of itews in the nt® difficulty

level that the n*b

person reached (attexpted)




